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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention: 

[0001 ] The present invention relates to fine powder of hydrophobic titanium oxide and to a method for producing it. In 
particular, it relates to fine powder of hydrophobic titanium oxide wWch is added as an additional agent to powder coat- 
ing compositions, toners for electrophotography and others for the purpose of. for example, improving their powdery 
10 f lowabinty. preventing them from being caked, and controlling electrif ication thereof, and also to a nDethod for producing 
it 

Description of the Related Art: 

IS [0002] Many patents have heretofore been issued, relating to fine powder of hydrophobic titanium oxide that is used, 
for example, as an additional agent for toners for electrostatic development. 

[0003] For example, in JP-A 5-72797, introduced are ultra-fine grains of amorphous and hydrophobic titanium oxide 
that are produced through vapor-phase pyrolysis or hydrolysis of a volatile titanium compound to give fine grains of 
amorphous titanium oxide followed by treatment of the grains with an organosilane compound. 
20 [0004] In JP-A 60-1 36755. descrfoed is a technique of adding txDtii hydrophobic titanium oxide and hydrophobic silica 
to a negatively charged toner. The hydrophobic titanium oxide used therein is prepared from titanium oxide having a 
mean grain size of 30 nm and a BET specific surface area of 50 m^/g. 

[0005] In JP-A 8-220791 , 8-220795 and 8-220796. proposed is a technique of using, as an additional agent for toners. 
. hydrophobic titanium oxide as prepared in a wet method and processed in an aqueous system for hydrophobication. 
25 [0006] However, of those conventional fine powders of hydrophobic titanium oxide, the ultra-fine grains of tiydrophobic 
amorphous titanium oxide descrO^ed in JP-A 5-72797 contain a large amount of water as adsorbed inside the grains 
and are therefore problematic in that their electrification property often fluctuates depending on the change in the sur- 
roundings including temperature and humidity, arxj that they exNbit a weak electrification. 

[0007] The hydrophobic titanium oxkje descrfoed in JP-A 60-136755. whfoh is prepared from titanium oxide having a 
30 mean grain size of 30 nm and a BET specific surface area of 50 m?/g, is problematic in ttiat. when it is added to toners 
by itseK, it could not ensure good flowability of toners containing it 

[0008] The line powder of hydrophobic titanium oxide described in JP-A 8-220791 , which is prepared in a wet method 
and is processed in an aqueous system for hydrophot«cation. is proWematrc in that it requires a drying step, and that 
an additional step of pulverizing the aggregates of the powder having a large bulk density is indispensable. In addition. 

35 the fine titanium oxide powder as produced according to the disclosed method contains a large amount of water 
adsorbed thereto. Therefore, like that in JP-A 60-136755. the powder is still problematic in that its electrification prop- 
erty often fluctuates depending on the change in the sun-oundings including temperature and humidity. 
[0009] Moreover, the additional problem with all those conventional fine powders of hydrophotHC titarvum oxide is that 
they are expensive as t)eing produced in specific production methods. 

40 [001 0] As mentioned atxTve, the conventional f ine powders of hydrophobic titanium oxide all foce, in no small way. the 
problems in electrification property, flowability, and production costs. 

[0011] On the other hand, the recent tendency in the field of electrophotography is toward the theme for producing 
images of much higher quality, for which the grains to be used are being much smaller. The same shall apply to various 
powder coating materials. In the circumstances, the necessity of enhancing the f fowability of various powders such as 
45 toners arxi others is much increasing. 

SUMMARY OF THE INVENTION 

[001 2] Given that situation of the related art noted at)ove, the present inventors have made the invention, of which the 
50 object is to provide relatively inexpensive, fine powder of hydrophobic titanium oxide excellent in a f lowability-improving 
effect and an electrification-stabilizing effect, and also to provide a method for producing it 

[001 3] The fine powder of hydrophobic titanium oxkje of the present invention is obtained through surface modif foation 
of titanium oxide with a silane coupling agent and/or a silicone compound, and the titanium oxkie is prepared by hydro- 
lyzing a volatile titanium compourxi of t>eing in a high-temperature vapor-phase condition, in the presence of a combus- 
55 tittle or incombustit)le gas. and has a BET specific surface area of from 55 to 150 m^/g while having an anatase/rutile 
crystal structure in a ratio of anatase falling between 0.3 and 0.98. 

[0014] The fine powder of hydrophobic titanium oxide of the invention, which is obtained through surface modification 
of titanium oxide having a BET specific surfoce area of from 55 to 150 m?/g and having an anatase/rutile crystal struc- 
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ture in a ratio of anatase falling between 0.3 and 0.98, with a silane coupling agent and/or a silicone compound, has an 
extremely high degree of hydrophobidty, and therefore its electrification property fluctuates little. Accordingly, when the 
fine powvder of hydrophobic titanium oxide of the invention is used in toners for electrophotography, it ensures good elec- 
trification stability and high f lowability of toners for a long period of time. In addition, the fine powder of hydrophobic tita- 
5 nium oxide of the invention is produced in a relatively simple method comprising only a few steps, without causing any 
problems of environmental pollution, and the production costs for K are low. 

[001 5] In the invention, preferably, the silane coupling agent to be used is represented by any of the following general 
formula (I) or (II), and the silicone compound is by the following fbmnuta (III). 

10 X4.„SiRn (0 



IS 



wherein X represents a hydroxy! group, an alkoxy group or a halogen atom; R represents an alkyi group having from 1 
to 1 8 cartx>n atoms; and n represents an integer of from 0 to 3. 

R'aSiNHSiR'a (il) 



wherein each R' represents an alkyl group having from 1 to 3 caitx)n atoms, and some R's may be substituted with any 
other substituents including hydrogen atoms, vinyl groups and others. 



20 
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(III) 
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I 

R* 



wherein R^ represents a methyl group or an ethyl group: R^ represents a hydrogen atom, a methyl group, an ethyl 
30 group, or an alkyl group optionally substituted by a vinyl group, a phenyl group or an amino group; X* represents a 
hydroxyl group, an alkoxygroup, a halogen atom or an all^ groip; and m represents an integer of from 1 to 500, 
[0016] Desirably, the fine powder of hydrophobic titanium oxide off the invention has a degree of hydrophot)icity of at 
least 70 % as measured according to a transmittance method. 

[001 7] The fine powder of hydrophobic titanium oxide of the invention can be readily produced according to a method 
35 of the inverrtion that comprises hydrolyzing a volatile titanium compound of being in a high-terrperature vapor-phase 
condition, in the presence of a conrixjstible or incombustible gas to prepare titanium oxide having a BET specific sur- 
face area of from 55 to 150 m^/g and having an anatase^rutile crystal structure in a ratio of anatase falling between 0.3 
and 0.98. followed by mixing the resulting titanium oxide with from 0.1 to 50 % by weight, relative to the titanium oxide, 
of a silane coupling agent and/or from 0.1 to 50 % t>y weight, relative to the same, of a silicone compound and heating 
40 the resulting mixture. 

DESCRIPTION OF PREFERRED EMBODIMEff^TS OF THE INVENTION 

[0018] Prefenred embodiments of the invention are desaibed in detail hereinunder. 

45 [001 9] In the invention, titanium oxide which is prepared by hydrolyzing a volatile titanium compound, such as TiCU. 
in the presence of a combustible or incombustible gas while the compound is in a high-temperature vapor-phase con- 
dition, and which has a BET specific surface area of from 55 to 1 50 rs^ig and has an anatase/irutile crystal structure in 
a ratio of anatase (hereinafter referred to as "anatase ratio") falling t>etween 0.3 and 0.98. is processed with a silane 
coupling agent and/or a silicone compound for surface modification. 

50 [0020] Many commercially-available products of so-called wet titanium oxide which are produced according to a sul- 
furic acid method or the like often have surface area sites to increase their specific surface area even inside the titanium 
oxide grains. Therefore, their drying toss is large, and their electrif icatton property is poor. In addition, they have a large 
bulk density. As opposed to those, grains of so-called dry titanium oxkle have a relatively small inside specif ic surface 
area, and therefore have the features of small drying toss, relatively strong electrification property and small bulk den- 

55 sity. 

[0021] The volatile titanium compound to be used herein as the starting material includes, for example, T1CI4 and tita- 
nium alkoxides such as Ti{OCH3)4. TxiOC^H^A' etc. 

[0022] When titanium oxkf e as prepared by decomposing such a volatile titanium compound has a BET specific sur- 
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face area of smaller than 55 m^/g, it is difficult to uniformly dispersa Therefore, rf it \s added to toners, the f lowabifity of 
the toners containing it becomes poor. On the other hand, titanium oxide having a BET specific surface area of larger 
than 150 m^/g aggregates to a great extent and therefore it also worsens the ficwabifity of toners, if added. 
[0023] Titanium oxide having an anatase ratio of smaller than 0.3 is unfavorable, since its surface activity is too weak 

5 to well modify its surface. Even though modified at its surface, the titanium oxide of that type could not have good hydro- 
phobicity. On the other hand, titanium oxide having an anatase ratio of larger than 0.98 is also unfavorable, since its sur- 
face activity is too strong. When this is subjected to surface modification, the surfece modifier used is partly 
decomposed and can not urtiformly nmlify the surface of the compound. The anatase ratio as referred to herein is 
obtained according to the method to be described later in the Examples section. 

10 [0024] Titanium oxide having a BET specific surface area of from 55 to 1 50 m^/g and having an anatase ratio of from 
0.3 to 0.98 can be prepared, for example, by thermally hydrolyzing a volatile titanium compound in the presence of a 
corr^stible gas such as oxyhydrogen gas, metharie. ethane or the like or in an incombustible gas such as argon, 
hefium, nitrogen or the like, under the condition that the titanium concentration in the raw gases fails between 5 and 250 
g/im^ in terms of titanium dfoxkle. at a temperature telling between 600 and 1800**G. 

15 [0025] In the inveritfon, the surtece rnodifier to be used lor the titanium oxide thus prepared i 

above is preferably a silane coupling agent to be represented by formula (1) or (II) ntentfoned above and/or a silicone 
conpound to be represented by formula (III) mentioned above. However, long-chain alkyl-having silane coupling agents 
of formulae (I) and (11) where R is an alkyi group having more than 18 cartxm atoms are unfavorable, since they cause 
steric hindrance and therefore could not uniformly modify the surfaces of the titanium oxkle grains. In addition, the 

20 grains as processed with them often aggregate. 

[0026] In formula (0 representing the silane coupling agent for use in the invention, R is preferably an alkyI group hav- 
ing from 1 to 10 cartx)n atoms, and X is preferably a hydroxyl group, an alkoxy group having from 1 to 3 cartx>n atoms, 
or a halogen atom such as 01 or the like. Concretely, the silane coupling agent of formula (I) includes methyltrimethox- 
ysilane. dimethyltrimethoxysilane, dimethyltriethoxysilane. n-butyltrimethoxysilane. isobutyltrimethoxysilane. n-hexyltri- 

25 methoxysilane, n-octyttrimethoxysilane. decyltrimethoxysilane. dimethyldichlorosilane. methyltrichlorosiiane. etc. 

[0027] in formula (II) also representing the silane coupling agent for use in the invention, R' is preferably an alkyI group 
having from 1 to 3 cartxjn atoms. Concretely, the silane coupling agent includes hexamethyldisilazane, etc. One exam- 
ple of the silane coupling agent of formula (II) where some R*s are sut^stituted with hydrogen atoms is tetramethyldis- 
ilazane, and that where some R*s are substituted with vinyl groups is divtnyltetramethyldisilazane. 

30 [0028] Low-molecular silicone compounds of formula (III) are often ineffective in hydrophobtcating titanium oxide 
grains. High-molecidar silicone compounds of formula (111) may be effective in hydrophobicating titanium oxkle grains, 
but the grains processed with them will often aggregate. 

[0029] In formula (III) representing the silicone compound for use in the invention, R^ is preferably a hydrogen atom, 
a methyl group or the like, is preferatjiy a hiydroxyl group, a methoxy group, a methyl group or the like, and m is pref- 
35 eratsly from 1 to 500, more preferably from 15 to 300. As the silicone compound, preferred are dimethylpolysiloxanes. 
methylhydrogenpolysiloxanes. a,co-hydroxyorganopolysiloxanes. alkyl-modtf ied silicone oils and others having a molec- 
ular weight of from 1000 to 20000 or so. 

[0030] The surface nxidifiers mentioned above may be used either singly or as combined. If desired, two or more such 
surface modifiers may be stepwise applied to titanium oxide in plural stages. 

40 [0031] The surface nxxJification may be effected in any of a wet method or a dry method. In view of the problem of 
aggregation of the processed grains, however, preferred is dry surface rrKxiiftcation. Further in view of the processing 
costs, the treatment of wastes arxJ the influences on the environment, still preferred is dry surface modification. 
[0032] For the dry surface modification, for example, the modifier of a silane coupling agent and/or a silicone com- 
pound is dropwise applied to the fine titanium oxide powder in an inert gas atmosphere while stirring the powder and 

45 the dry suriace nxxfification treatment is kept urxJer heating at a tenperature falling between 50 and 400*'C for from 0.1 
to 3 hours or so with stirring. 

[0033] In the surface nrxxJification, if the amount of the silane coupling agent and/or the silicone compound used is 
too small, the intended surface modification couM not be satisfactorily attained. On the other hand, if the amount is too 
large, many aggregates will be formed. Therefore, the amount of the silane coupling agent and/or the silkxxie com- 
50 pound to t>e used is preferably from 0. 1 to 50 % by weight, more preferably from 1 to 30 % by weight relative to titanium 
oxide to be processed therewith. 

[0034] The fine powder of hydrophobic titanium oxide of the invention thus obtained in the manner mentioned above 
preSerakAy has a degree of hydrophobicity of at least 70 %, nnore preferakDiy at least 80 % as measured according to a 
transnttttance method. This is favorably used as an additional agent for powdery coating compositions, toners for elec- 
55 trophotography, eto. In its use, the fine powder of hydrophobic titanium oxide of the invention is not limited to single use 
only, but may be combined with any other fine powders of metal oxides. For example, the fine powder of hydrophobic 
titanium oxide of the invention may be combined with surface-modified fine powder of dry-process silica, surface-nrxxJ- 
if ied f ine powvder of wet-process titanium oxkf e. etc. 
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[00351 The toners to which the fine powder of hydrophobic titanium oxide of the invention is applied may be any of 
one-conponent magnetic toners, one-component non-magnetic toners, two-component toners, etc. The fine powder of 
hydrophobic titanium oxide of the invention is applicable to any of negatively charged toners or positively charged ton- 
ers. The system to which it is applied may be any of monochromatic or color imaging systems. 
5 [0036] The invention is descrSjed in wore detail with reference to the following Examples arKi Comparative Examples, 
which, however, are not intended to restrict the scope of the invention. 

[0037] In the following Examples and Conrparative Examples, anatase ratia amount of electrification and degree of 
hydrophobidty of fine powder of hydrophobic titanium oxide; angle of repose and 45 ^m-saeen passing-tiirough per- 
centage of toner compositions comprising fine powder of hydrophobic titanium oxide, both indicating the flowability of 
10 the toner conposittons tested; and amount of electrification change in toner compositions corrprising fine powder of 
hydrophobic titanium oxide that indicates amount of electrification stability of the conpositions to ambient sun^ounding 
conditions, were measured according to the methods mentioned below. 

(1) Anatase Ratio: 



[0038] A sample of fine, hydrophobic titanium oxide powder to be measured was pressed against a sanple holder 
with a glass plate and flattened thereljetween, and this was analyzed with an X-ray diffractometer (from Phillips). In the 
resulting diffraction pattern that gave a diffraction peak (I/O at (101) for the strongest interference line of the anatase- 
type crystal structure and a diffraction peak (IfO at (1 1 0) for the strongest interference line of the rutite-type crystal struc- 
20 ture, the anatase-type crystal structure content (A) was obtained according to the following equatbn. The value 
obtained indicates the anatase ratio of the sanple. 



25 (Reference: R.A. Spurr, H. Myers, Anal. Chem., 29, 760 (1957)) 
(2) Amount of Electrification: 

[0039] 50 g of iron powder carrier and 0.1 g of a sarrple of fine, hydrophobic titanium oxide powder to be measured ^ 
30 were put into a 75-ml glass container, covered with a cap, and shaken for 5 nwiutes by the use of a tumt)ler n^er. 0.1 
g of tiie iron powder carrier mixed with the fine, hydrophot)ic titanium oxide powder sanple was taken out, and sub- 
jected to nitrogen t>lowing for 1 minute by the use of a blow-off static electrometer (TB-200 Model from Toshiba Chem- 
ical). The value of static electrk;lty thus measured indicates an amount of electrification off the sample. 

35 (3) Degree of Hydrophobicity: 

[0040] One g of a sample of fine, hydrophobic titanium oxide powder was put Into a 200-ml separating funnel, to which 
was added 100 mi of pure water. After sealed with a stopper, this was shaken for 10 minutes by the use of a tumbler 
mixer, and then statically left as it was for 10 minutes. 20 to 30 ml of the lower layer of the mixture was taken out of the 
40 funnel, and transferred into a plurality of 1 0-mm quartz cells. Each cell was subjected to colorimetry, using a pure water 
cell as the blank and the transmrttance therethrough at 500 nm was measured. This indicates the degree of hydropho- 
bicity of the sample. 

(4) Angle of Repose: 

45 

[0041] 0.4 g of a sanple of fine, hydrophobic titanium oxide powder to be nrteasured was mixed In a nrnxer with 40 g 
of an 8 |im toner having a negative-charging property, and the resulting toner composition was subjected to a powder 
test using a powder tester of PT-N Model (from Hosokawa Micron), in which the angle of repose of the sanple was 
measured. Sanples having an angle of repose of at most 35 degrees thus measured have good flowability. 

so 

(5) 45 imvScreen Passing-Through Percentage: 

[0042] 0.4 g of a sanple of fine, hydrophotxc titanium oxide powder to be measured was niixed In a mixer with 40 g 
of an 8 ^m toner having a negative-charging property, and the resulting toner conposition was subjected to a powder 
55 test using a powder tester of PT-N Model (from Hosokawa Micron), in which the conposition was sieved through 150 
fim, 75 Jim and 45 jim screens in order while the screens were vibrated, and the proportion of the sample having 
passed through all those 150 ^im, 75 ^m and 45 pm screens was obtained. This indicates the 45 |im-screen passing- 
through percentage of the sample. Samples having a value of at least 85 % thus measured Is have good flowability. 



IS 



A(%)= 100/(1 + 1-265x1^^/1 r) 



5 



EP0949 302 A2 



(6) Amount of Electrif ication Change: 

[0043] 2 g of a toner composition that had been prepared by mixing In a mixer 0.4 g of a sanrple of fine, hydrophobic 
titanium oxide powder to be measured and 40 g of an 8 pm toner having a negative-charging property, and 48 g of iron 

5 powder carrier were put irrto a 75-ml glass container. Two same mixtures were prepared in the same manner. These 
were separately left in HH and LL circumstances for 24 hours. The HH circumstance represents an atnrosphere having 
a temperature of 40^*0 and a hunudity of 85 %; and the LL circumsteince having an atmosphere having a temperature 
of 10*^0 and a humidity of 20 %. Those mixtures of the toner composition and the iron powder carrier thus having been 
left for 24 hours in the HH and LL atmospheres were separately shaken for 5 minutes by the use of a tumbler mixer. 0.2 

10 g of each of the thus-shaken mixtures composed of the toner composition and the iron carrier was taken out, and sul>- 
jected to nitrogen blowing for 1 minute l>y the use of a blow-off static electrometer {TB-200 Model from Toshtoa Chem- 
ical). The value of static electrrcity thus measured indicates each amount of electrification of the toner composition in 
two different conditions. The difference in the amount of electrif k^ation between the mixture left in the HH circumstance 
for 24 hours and that left in the LL circumstance also for 24 hours is obtained. Samples off which the difference value is 

IS at most 5 pidg have good stabilHy. without being influenced by the ambient surroundings. 

Example 1: 

[0044] 100 parts by weight of fine titanium oxide powder (this was prepared by thermally hydrolyzing titanium tetra- 
20 chloride in a gas phase in the presence of oxyhydrogen gas under the condition that the titanium concerrtration in the 
raw gases was 80 gfrrP in terms of titanium dioxide, at a temperature of 1000'C. and had a BET specific surface area 
of 90 rr^/g and an anatase ratio of 0.85) was put into a mixer, to which was dropwise added 20 parts by weight of n- 
octyltrimethoxysllane. with stinring in a nitrogen atmosphere, then heated for 2 hours with still stirring at 150**C. and 
thereafter cooled. 

25 [0045] The thus-obtained, fine powder of hydrophobic titanium oxide was evaluated, and its data are shown in Table 1 . 
[0046] As in Table 1. the toner composition comprising the fine, hydrophobic titanium oxide powder had good flowa- 
bility. and its stability of amount of electrification in varying surroundings was very good. 

Comparative Example 1 : 

30 

[0047] 100 parts by weight of fine titanium oxide powder (tills was prepared in the same manner as in Example 1 , 
except that the reaction tenperature was 8O0''C and that the titanium concentration in the raw gases was 300 g/m^ in 
terms of titanium dicxWe. and had a BET specific surface area of 50 m^/g and an anatase ratio of 0.80) was put into a 
mixer, to which was dropwise added 12 parts by weight of n-octyltrimethoxysilane, with stining in a nitrogen atmos- 
35 phere. then heated for 2 hours witii still stirring at 150°C, arxi thereafter cooled. 

[0048] The thus-obtained, fine powder of hydrophobic titanium oxide was evaluated, and its data are shown in Table 1 . 
[0049] The fine, hydrophobic titanium oxide powder nruch aggregated and could not disperse around toner grains 
having a negative-charging property. Therefore, the f k>wability of the toner composition containing it was poor. In addi- 
tion, the stability of amount of electrification of the composition in varying surroundings was also poor. 

40 

Exanrple 2: 

[0050] 100 parts by weight of fine titanium oxide powder (this was prepared in the same manner as in Example 1 . 
except that the reaction temperature was 900*C and that the titanium concerrtration in the raw gases was 40 g^m^ in 
45 terms of titanium dioxide, and had a BET specific surface area of 120 m^/g and an anatase ratio of 0.90) was put into 
a mixer, to wftich was dropwise added 20 parts Ijy weight of n-butyltrimethoxysilane. with stirring in a nitrogen atmos- 
phere, then heated for 2 hours witfi still stim'ng at ISO'^C, and thereafter cooled. 

[0051 ] The thus-obtained, fine powder of hydrophobic titanium oxide was evaluated, and its data are shown in Table 1 . 
[0052] As in Table 1. the toner composition comprising the fine, hydrophobic titanium oxide powder had good fkswa- 
50 bility. and its stability of amount of electrification in varying surrounding was very good. 

Comparative Example 2: 

[0053] 100 parts by weight of a commercially-available, anatase-type fiydrophilk: titanium oxide as prepared in a wet 
55 process (this had a BET specific surface area of 120 m^/g and an anatase ratio of 1.0) was added to an aqueous 
medium comprising water, and well stirred, to which was added 20 parts by weight of n-lxjtyltrimethoxysilane, and 
stirred. The resulting mixture was filtered, and the residue was dried and ground to obtain fine powder of hydrophobic 
titanium oxide. 
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[0054] The fine powder of hydrophobic titanium oxide thus obtained was evaluated, and its data are shown in Table 1 . 
[0055] The f lowabitity and the stability of amount of electrification in varying surroundings of the toner composition 
comprising the fine, hydrophobic titanium oxide powder ot>tained herein were lx>th poor. 

5 Example 3: 

[0056] 100 parts t>y weight of fine titanium oxide powder (tNs was prepared in the same manner as in Example 1 . 
except that the reaction temperature was ISOO^'C and that the titanium concentration in the raw gases was 230 Qfrr? in 
terms of titarv'um dioxide, and had a BET specific surface area of 55 m?/g and an anatase ratio of 0.30) was put into a 
10 mixer, to which was dropwise added 30 parts by weight of n-octadecyltrimethoxysilane, with stirring in a nitrogen atmos- 
phere, then heated for 2 hours with still stirring at ISO'^C. and thereafter cooled. 

[0057] The thus-otrtained, fine powder of hydrophobic titanium oxide was evaluated, and its data are shewn in Table 1 . 
[0058] As in Table 1, the toner composition comprising the fine, hydrophobic titanium oxide powder had good f lowa- 
bility. and its stability of amount of electriftcation in varying surroundings was very good. 

15 

Comparative Example 3: 

[0059] 100 parts t>y weight of fine titanium oxide powder (this was prepared in the same manner as in Example 1. 
except that the reaction temperature was 2000°C and that the titanium concentration in the raw gases was 230 g/rr? in 
20 terms of titanium dioxide, and had a BET specific surface area of 55 vrP/g and an anatase ratio of 0. 1 0) was put into a 
mixer, to which was dropwise added 30 parts by weight of n-octadecyltrimethoxysilane. with stirring In a nitrogen atmos- 
phere, then heated for 2 hours with still stirring at 150**C. and thereafter cooled. 

[0060] The thus-obtained, fine powder of hydrophobic titanium oxide was evaluated, and its data are shown in Table 1 . 
[0061] As compared with that in Example 3. the f lowabifity of the toner composition comprising the fine, hydrophobic 
25 titanium oxide powder obtained herein was poor. In addition, the change of amount of electrification in the composition 
in varying surroundings was great. This is because the starting titanium oxide had such a small anatase ratio arxJ its 
reactivity was low. As a result, the starting compound could not well react with n-octadecylt-imelhoxysilane applied 
thereto: Therefore, the fine titanium oxide powder obtained after the treatment for surface modification had a low degree 
of hydrophobicity and its drying loss was large. 

30 

Example 4: 

[0062] 100 parts by weight of fine titanium oxide powder (this was prepared in the same manner as in Example 1. 
except that the reaction temperature was 1500^*0 and that the titanium concentration in the raw gases was 15 g/m^ in 
35 terms of titanium dioxide, and had a BET specific surface area of 150 m^/g and an anatase ratio of 0.95) was put into 
a mixer, to w^ich was dropwise added 25 parts by weight of methylhydrogenpolysiloxane, with stirring in a nitrogen 
atmosphere, tiien heated for 1 hour with still stirring at 250''C. and tiiereafter cooled. 

[0063] The thus-ol>tained. fine powder of hydrophok>ic titanium oxide was evaluated, and its data are shown in Table 1 . 
[0064] As in Tatsle 1, the toner connposition comprising the fine, hydrophobic titanium oxide powder had good flowa- 
40 bility, and its stability of amount of electrification in varying surroundings was very good. 

Comparative Example 4: 

[0065] 100 parts by weight of fine titanium oxide powder (this was prepared in the same manner as in Example 1 , 
45 except tiiat the reaction temperature was 1500*C and that tiie titanium concentration in the raw gases was 3 g/rr? in 
terms of titanium dioxide, and had a BET specific surface area of 200 m^/g and an anatase ratio of 0.96) was put into 
a mixer, to which was dropwise added 30 parts by weight of methylhydrogenpolysiloxane. with stirring in a nitrogen 
atmosphere, tiien heated for 1 hour with still stirring at 250°C. and thereafter cooled. 

[0066] The thus-otJtained, fine powder of hydrophobic titanium oxide was evaluated, and its data are shown in Tal>le 1 . 
50 [0067] The fine, hydrophobic titanium oxide pov«fer aggregated to an extremely great extent as the starting titanium 
oxide had a large specific surface area. Therefore, when mixed with a toner, it could not well disperse around the toner 
grains. As a result, the resulting toner composition comprising the powder did not have good f lowability. In addition, the 
change of amount of electrification in the composition in varying sun'oundings was great. 

55 Example 5: 

[0068] 100 parts by weight of fine titanium oxide powder (this was prepared in the same manner as in Example 1 . 
except that the reaction temperature was 1 1 0O^'C and that the titanium concentration in the raw gases was 1 00 g/vr? in 
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terms of titanium dioxide, and had a BET specific surface area of 100 nf/g and an anatase ratio of 0.80) was put into 
a nrdxer. to which was dropwise added 10 parts by weight of hexamethyldisnazane, with stirring in a nitrogen atmos- 
phere, then heated for 2 hours with still stirring at 200*'C. and thereafter cooled. To 100 parts by weight of the fine pow- 
der of hydrophobic titanium oxide thus obtained, dropwise added was a mixture of 10 parts by weight of 
dimethylpolysiloxane and 30 parts by weight of n-hexane. with stirring in a nitrogen atmosphere, then heated for 1 hour 
with still stirring at SOO^'C. and thereafter cooled. 

[0069] The thus-obtained, fine powder of hydrophobic titanium oxide was evaluated, and its data are shown in Table 1 . 
[0070] As in Table 1 . the toner composition comprising the fine, hydrophobic titanium oxide powder had good f lowa- 
bility, and its statxlity of amount of electrif ication in varying surroundings was very good. 

Comparative Exanple 5: 



[0071 ] 100 parts by weight of amorphous hydrophilic titanium oxide (having a BET specific surface area of 1 00 m^/g) 
was put into a mixer, to which was dropwise added 10 parts by weight of hexamethyldisilazane, with stirring in a nitro- 
15 gen atmosphere, then heated for 2 hours with still stirring at 200^*0, and thereafter cooled. To 1 00 parts t>y weight of the 
fine powder of hydrophobic titanium oxide thus obtained, dropwise added was a mixture of 10 parts by weight of dimeth- 
ytpolysiioxane and 30 parts by weight of n>hexane. with stirring in a nitrogen atmosphere, then heated for 1 hour with 
still stirring at SOCC, and thereafter cooled. 

[0072] The thus-obtained. fine powder of hydrophobic titanium oxide was evaluated, and its data are shown in Tat>le 1 . 
20 [0073] The toner composition comprising the fine, hydrophobic titanium oxide powder obtained herein did not have 
good f lowability. In addition, since the powder contained much water adsorbed inside the grains, the change of amount 
of electrification in the toner composition containing it was great depending on the ancient surroundings including tem- 
perature and humidity. 
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[0074] As described in detail hereinabove, the invention provides relatively inexpensive, fine powder of hydrophobic 
titanium oxide, which, when added to toner powder, makes the resulting toner powder have high flowability and good 
electrification stability, and also provides an inexpensive method for producing the fine, hydrophobic titanium oxide pow- 
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der. 

[0075] While the invention has been described in detail and with reference to specific ennbodiments thereof, it will be 
apparent to one skilled in the art that various changes and modifications can be made therein without departing from 
the sptrit and scope thereof. 

5 

Claims 

1 . Fine powder of hydrophobic titanium oxide, obtainat)le through surface nrxxlif ication of titanium oxide with a silane 
coupling agent arvi/or a silicone compound, said titanium oxide being prepared by hydrolyzing a volatle titanium 

10 compound being in a high-temperature vapor-phase condition, in the presence of a combustible or incomtJustiWe 
gas, and having a BET specific surface area of from 55 to 150 nf /g while having an anatase/irutile crystal structure 
in a ratio of anatase felling between 0.3 and 0.98. 

2. Fine powder of hydropttobic titanium oxide as claimed in claim 1 . wherein said silane coupling agent is represented 
IS by any of the following general formula (I) or (IQ: 

X4.nSiR„ (I) 

where X represents hydroxyl group, an alkoxy group or a halogen atom; R represents an alkyi group having from 1 
20 to 1 8 cartx>n atoms; and n represents an integer of from 0 to 3. 

R'aSiNHSiR's (11) 

where each R' represents an alkyl group having from 1 to 3 cartx>n atoms, and some R*s may be substituted with 
25 any other substituents including hydrogen atoms, vinyl groups arxJ others. 

3. Fine powder of hydrophobic titanium oxide as claimed in claim 1. wrherein said silicone conrpound is represented 
by a general formula (III): 



30 



r\ -| I (III) 



35 

where R** represents a methyl groi4> or an ethyl group; R^ represents a hydrogen atom, a metiiyl group, an ethyl 
group, or an alkyl group optionally substituted by a vinyl group, a phenyl group or an amino group; X* represents a 
40 hydroxyl group, an alkoxygroup. a halogen atom or an alkyl group; and m represents an integer of from 1 to 500. 

4. Fine powder of hydrophobrc titanium oxkJe as claimed in any one of claims 1 to 3. which has a degree of fiydropho- 
bicity of at least 70 % as measured according to a transmittance rnethod. 

45 5. A method for producing fine powvder of hydrophobic titanium oxide, which comprises hydrolyzing a volatile titanium 
conpound being in a high-temperature vapor-phase condition, in the presence of a combustible or incombustible 
gas to prepare titanium oxide having a BET specific surface area of from 55 to 150 m^/g and having an ana- 
tase/irutile crystal structure in a ratio of anatase falling between 0.3 arvj 0.98, followed by mixing the resulting tita- 
nium oxide with from 0.1 to 50 % by weight, relative to the titanium oxide, of a silane coupling agent and/or a 

50 silicone compound arxi heating the resulting mixture. 
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